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(57) ABSTRACT 

A method and apparatus is capable of recording optical 
information at high speed without using a high power laser 
beam. An intensity of a laser beam required in forming a 
land during recording optical information on an optical 
information recording medium is set to have a larger value 
for a greater linear velocity between a light source and the 
optical information recording medium such as an optical 
disc. As a result, a potion of the optical information record- 
ing medium in which a pit is to be formed can be sufficiently 
preheated even at the greater linear velocity, so that the pit 
can be formed without increasing an intensity of the laser 
beam required in forming pits, 

14 Claims, 8 Drawing Sheets 
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METHOD AND APPARATUS FOR 
RECORDING OPTICAL INFORMATION 

FIELD OF THE INVENTION 

The present invention relates to a method and apparatus 
for recording optical information; and, more particularly, to 
a method and apparatus capable of recording optical infor- 
mation at high speed without increasing the laser power 
required in forming pits. 

DESCRIPTION OF THE PRIOR ART 

An optical recording technique has been widely used in 
storing a large volume of information, in which the infor- 
mation is optically recorded in an optical information 
recording medium, e.g., such an optical disk as 
CD-recordable (CD-R) or the like. Recently, there has been 
introduced a technique to record the optical information at a 
speed of or beyond 2 to 6 times the standard recording speed. 

Recording of information on the optical disc is accom- 
plished by irradiating a pulsed laser beam on the rotating 
optical disc based on a digital signal, which has been 
obtained by digitizing the information to be recorded, to 
thereby form pits on the disk. 

In order to form the pits on the optical disc based on the 
digital signal, a high intensity laser beam is irradiated on the 
optical disc during a high level of the digital signal, wherein 
the laser power causes the change of states of the irradiated 
recording layer to form the pits. During a low level of the 
digital signal, a low intensity laser beam required for track- 
ing is irradiated on the disk. 

High speed recording can be achieved by rotating an 
optical disk at an increased speed and reducing the period of 
a digital signal according to the rotational speed of the disc. 

In case of a dye-based recordable optical disc, pits are 
formed on a recording layer of the optical disc by the 
thermal energy delivered by the irradiated laser beam. 
Accordingly, if an intensity of the laser beam is not sufficient 
enough, the high speed recording of the optical information 
may result in the formation of incomplete pits or no pit 
formation at all. 

To be specific, the intensity of the laser beam irradiated on 
the optical disc varies according to the digital signal as 
illustrated in FIG. 2. For instance, if the intensity of the laser 
beam being irradiated on the optical disc is set to be high 
during the high level H of the digital signal, the thermal 
energy delivered to the optical disc gradually increases 
while the high intensity laser beam is provided and starts to 
decrease gradually once the intensity of the laser beam 
becomes low. Pits are formed on portions of the recording 
layer exposed to a temperature equal to or greater than a 
threshold temperature, at which change of states of the 
recording layer begins to occur. 

An excessive portion of the thermal energy supplied to 
form a pit is transferred to and dissipated in the surrounding 
region of the pit, serving to preheat a portion of the recording 
layer in which a next pit is to be formed. 

However, as a relative velocity between the optical disc 
and a laser beam source increases with an increase of a 
rotational speed of the optical disc, the excessive thermal 
energy provided by the thermal energy supplied by the 
irradiation of the laser beam onto the optical disc decreases 
as shown in FIG. 3, which in turn often results in incomplete 
pit formation or no pit formation at all. Consequently, it has 
been required to increase the laser power for the formation 
of the proper pits with the increasing relative velocity, 
necessitating a costly high power laser. 
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SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide a method and apparatus capable of recording optical 
information at high speeds without employing a high power 
5 laser. 

In accordance with an aspect of the present invention, 
there is provided a method for recording optical information 
on an optical information recording medium, wherein opti- 
cally detectable pits and lands having various lengths are 
formed by thermal energy provided by a pulsed laser beam 
irradiated on the optical information recording medium by a 
light source which has a first intensity level for forming a pit 
and a second intensity level for forming a land, the second 
l5 intensity level being lower than the first intensity level, 
characterized in that 

the second intensity level is set corresponding to linear 

velocity of the medium. 
In accordance with another aspect of the present 
20 invention, there is provided an apparatus for recording 
optical information on an optical information recording 
medium, wherein optically detectable pits and lands having 
various lengths are formed by thermal energy provided by a 
pulsed laser beam which has a first intensity level for 
25 forming a pit and a second intensity level for forming a land, 
the second intensity level being lower than the first intensity 
level, the apparatus comprising: 

a light source for generating the laser beam; and 
second intensity setting means for setting the second 
30 intensity level corresponding to linear velocity of the 
medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and features of the present 
35 invention will become apparent from the following descrip- 
tion of preferred embodiments given in conjunction with the 
accompanying drawings, in which: 

FIG. 1 illustrates a method for recording optical informa- 
tion in accordance with the present invention; 
40 FIG. 2 represents a conventional method for recording 
optical information; 

FIG. 3 shows drawbacks of the conventional method for 
recording the optical information at high speed; 

FIG. 4 is a block diagram for illustrating an optical 
45 information recording apparatus in accordance with the 
present invention; 

FIG. 5 shows a flow chart for illustrating an optical 
information recording method in accordance with a first 
embodiment of the present invention; 

FIG. 6 is a diagram for illustrating the pit formation 
according to a conventional high speed recording method; 

FIG. 7 shows a diagram for illustrating the pit formation 
in accordance with a high speed recording method of the 
55 present invention; 

FIG. 8 shows a flow chart for illustrating an optical 
information recording method in accordance with a second 
embodiment of the present invention; 

FIG. 9 shows a flow chart for illustrating an optical 
60 information recording method in accordance with a third 
embodiment of the present invention; 

FIG. 10 shows a diagram for outlining an optical infor- 
mation recording method in accordance with a fourth 
embodiment of the present invention; and 
65 FIG. 11 shows a flow chart for illustrating an optical 
information recording method in accordance with a fourth 
embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention will now 
be described hereinafter with reference to the drawings. 

Referring to FIG. 4, there is illustrated a block diagram 
representing an optical information recording system in 
accordance with the present invention. The system includes, 
e.g., a dye-based writable optical disc 1, which is generally 
referred to as a CD -recordable (CD-R), and an optical 
information recording apparatus 2. 

The optical information recording apparatus 2 comprises 
an optical pickup 21, a wobble detection circuit 22, an 
absolute time in pre-groove (ATIP) decoder 23, a memory 
24, a central control block 25 implemented by a central 
processing unit (CPU), a strategy generation circuit 26 and 
a laser diode (LD) driving circuit 27. 

On the recording area of the optical disc 1, there is formed 
a wavy track in the form of a spiral shape. The waviness of 
the track, generally referred to as wobble, represents an 
absolute time information referred to as ATIP data, wherein 
the ATIP data is modulated by frequency-shift keying (FSK) 
such that the frequency is shifted between one of two 
frequencies of 22.05±1 KHz at every one bit duration (7 
periods of 44.1 KHz) depending on whether a bit is 1 or 0. 

The ATIP data is composed of a plurality of consecutive 
frames, wherein each frame includes a bit stream of a 
predetermined number of bits (e.g., 84 bits) having a fixed 
pattern of frame synchronization signal at a predetermined 
position, each frame repeating with a period of a frequency 
of 75 Hz. Further, the ATIP data includes a disc code by 
which the type of the optical disc 1 can be determined. 

The optical pickup 21 includes a laser diode (LD), a 
four-divisional photodetector, an actuator for an object lens 
and so on. The optical pickup 21 can move along the radial 
direction of the optical disc 1, e.g., by a linear motor type 
slidable transport mechanism (not drawn), under the control 
of the CPU 25. 

The wobble detection circuit 22 detects a wobble signal 
included in a reproduced signal outputted from the output 
signals of the optical pickup 21 to provide same to the ATIP 
decoder 23. 

The ATIP decoder 23 reproduces the ATIP data from the 
wobble signal to provide the reproduced ATIP data to the 
CPU 25. 

The memory 24 is implemented by a memory device, 
such as a semiconductor memory device, a magnetic disc or 
an optical disc, and a control circuit thereof; and stores 
required initial optical intensity data sets obtained, e.g., by 
experiments in accordance with the present invention. 

Each initial intensity data set is stored for every corre- 
sponding disc code identifying a type of a disc. Further, each 
initial intensity data set includes, for every different infor- 
mation recording velocity (e.g., linear velocity), strategy 
data, initial values of recording and bottom powers and a 
matching coefficient p. The strategy data represents a modi- 
fied shape of recording pulses and includes information 
required to set up, for example, a serrated pulses, comb- 
shape pulses or the like. The recording power is a power or 
an intensity of the laser beam applied when to form pits 
during the recording of the optical information and the 
bottom power is a power or an intensity of the laser beam 
applied when not to form pits during the recording of the 
optical information. In each initial intensity data set, the 
initial value of the bottom power is set to have a larger value 
for a greater linear velocity. The matching coefficient p is a 
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measure of desired quality of the pits and lands formed in the 
optical disk, which is obtained from the output of the 
photodetector. 

The term "linear velocity" used herein represents a rela- 

5 tive velocity of a laser beam source with respect to an optical 
information recording medium. 

The CPU 25 extracts the absolute time and the disc code 
from the ATIP data; identifies the type of the optical disc 
based on the disc code; selects an initial intensity data set 

10 corresponding to the disc code; and sets the LD driving 
circuit 27 with initial values of recording and bottom powers 
obtained based on the selected initial intensity data set. Next, 
the CPU 25 performs optimum power control (OPC). 
Thereafter, the CPU 25 sets the LD driving circuit 27 with 

15 the values of recording and bottom powers determined based 
on the OPC; generates a digital or a recording signal 
corresponding to the optical information to be recorded 
based on selected initial intensity data set; and outputs the 
recording signal and the strategy data to the strategy gen- 

20 eration circuit 26 to thereby record the optical information. 
The strategy generation circuit 26 modifies the recording 
signal based on the strategy data from the CPU 25 to thereby 
provide the modified digital signal (to be referred to as the 

25 modified recording signal) to the LD driving circuit 27. 
The LD driving circuit 27 drives the laser diode based on 
the modified recording signal fed from the strategy genera- 
tion circuit 26 to irradiate the laser beam on the optical disc 
1 with the recording and the bottom powers set by the CPU 

30 25. In recording the optical information under the control of 
the LD driving circuit 27, the laser diode in the optical 
pickup 21 radiates the laser beam of the recording power for 
enabling the pit formation when the modified recording 
signal is at the high level, and radiates the laser beam of the 

3S bottom power for disabling the pit formation (i.e., enabling 
the land formation) but capable of preheating the optical disc 
when the modified recording signal is at the low level. 
During reproduction or playback of the recorded optical 
information, the LD driving circuit 27 drives the laser diode 

40 to generate the laser beam of an intensity, e.g., about 0.7 
mW, which is lower than that of the bottom power. The 
intensity of the laser beam used for the playback of the 
recorded optical information will be referred to as the 
playback laser power hereinafter. 

4 5 The operation of the optical information recording appa- 
ratus 2 having the aforementioned configuration will be 
described in detail with reference to the flow chart of FIG. 
5. 

If optical information to be recorded is determined and the 

50 recording is initiated by an operator, the CPU 25 reads a disc 
code from ATIP data (SA1) and selects an initial intensity 
data set corresponding to the disc code from the contents of 
the memory 24 (SA2). Thereafter, the CPU 25 sets the 
strategy generation circuit 26 with strategy data defined in 

55 the selected initial intensity data set (SA3). As described 
above, strategy data, initial values of recording and bottom 
powers and a matching coefficient p are specified for every 
possible linear velocity in the initial intensity data set, so that 
the strategy data to be used in setting the strategy generation 

60 circuit 26 can be selected based on the linear velocity to be 
used in recording the optical information. Thus, the strategy 
data can be properly selected depending on the type of the 
optical disc 1 and the linear velocity to be used. The 
recording velocity can be preset in the apparatus 2 or can be 

65 selected by the operator before the start of the recording. 
The CPU 25 determines an OPC area of the optical disc 
1 to be used in performing OPC (SA4); sets the LD driving 
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circuit 27 with the initial values of recording and bottom illustrated in FIG. 6. As a result, the extra thermal energy 

powers specified in the initial intensity data set for the linear transferred to the neighboring regions of the pit decreases, 

velocity to be used in recording the optical information resulting in increased delay of the pit formation after the 

(SA5); and performs the OPC (SA6). onset of a next laser output pulse or incomplete pit forma- 

Thc OPC is performed by recording predetermined test 5 l* 00 - 

information in a power calibration area (PCA) of the optical In this embodiment, however, the bottom power of the 

disc 1 and then by reproducing the recorded test information. laser beam being irradiated between two neighboring pits is 

The PCA divided into a test area and a count area, each of set to be higher than that in the prior art as illustrated in FIG. 

the areas being divided into 100 partitions. Each partition of 7, enabling the optical disc 1 to be preheated, 

the test area is composed of 15 frames and one partition is 30 \ n otner wor ds, since the bottom power or a second 

used in recording the test information. In this embodiment, intensity, i.e., an intensity of a laser beam irradiated during 

15 different sets of a recording and a bottom powers are the low level of the modified digital recording signal fed 

determined based on the initial recording and bottom powers f rom tne strategy generation circuit 26, is set to be higher 

and used to record the test information in different 15 frames w j tn the increased linear velocity, the optical disc 1 can be 

of a partition as described in the orange book, i.e., the 35 sufficiently preheated even though the information recording 

specification of the CD-R. is carried out at a speed of, e.g., 2 to 6 times faster than the 

In the preferred embodiment of the invention, laser pow- conventional recording speed. As a result, pits can be formed 

ers of different sets can be set to have recording powers without having to extremely increase the recording power or 

identical to the initial recording power while varying the a first intensity, i.e., an intensity of laser beam required to 

bottom powers around the selected initial bottom power, or 20 form pits. 

vice versa. Optionally, both the recording and the bottom Further, since the initial intensity data sets obtained 

powers can be set to vary the re around to have different beforehand are prestored in the memory 24, it is possible to 

values from those of the initial recording and bottom pow- reduce a time required in adjusting the laser powers at the 

ers * 25 initial stage of recording the optical information. 

The CPU 25 determines optimum recording and the Stm ftirther, the initial intensity data sets are specified for 

bottom powers based on the OPC results (SA7) and sets the possible types of the optical disc 1, so that the first and the 

LD driving circuit with the determined optimum recording second intensities can be set in a short time regardless of a 

and bottom powers (SA8). type of an optical disk t0 5e in reC ording the optical 

Determination scheme of the laser powers based on the 30 information. 

OPC results is well known in the art and, therefore, will not Moreover, since the digital signal is modified based on the 

be repeated herein for the sake of simplicity. However, it is type of the optical disc x 5y the strategy generation circuit 

to be understood to one skilled in the art that laser powers 2 6, pits can be formed in an optimum shape and the time 

in a set producing a best recording quality are selected as the required in adjust ing the intensities of the laser beams can be 

optimum recording and bottom powers. In this embodiment, 35 father reduced, 

a set of laser powers yielding a matching coefficient closest ™_ , . .. , - 4 , 4 . 4 . ... 

4 i * j i_ j Tu j- 1 * « . The second embodiment of the present invention will now 

to the one selected based on the disk type and the recording .... 

nc ncscrincn 

velocity is preferably determined as the set producing the 

best recording quality. Alternatively, laser powers of a set llie configuration of the optical information recording 

producing reproduced test information identical to the 40 apparatus in accordance with the second embodiment is 

recorded test information can be determined as the optimum identical to that of the first embodiment shown in FIG. 4. 

power. The optimum power also can be estimated from OPC ^ setcond embodiment, however, differs from the first 

data (i.e., the matching coefficients produced by the sets of embodiment in that the initial value of bottom power is not 

laser powers used in the OPC) such that the estimated specified the initial intensity data. 

optimum recording and bottom powers are expected to have 45 In the second embodiment, an initial intensity data set 

a matching coefficient identical to that corresponding to the corresponding to each of different disc codes is stored in the 

linear velocity to be used as specified in the selected initial memory 24 as in the first embodiment, 

intensity data set. The initial intensity data set for each disc code includes 

Subsequently, the CPU 25 performs the eight -to-fourteen strategy data, an initial value of the recording power, a 

modulation (EFM) on the optical information to be recorded 50 matching coefficient (3 and a bottom power ratio for each 

to generate a digital signal (recording signal) (SA9) and information recording velocity (e.g., linear velocity). The 

provides same to the strategy generation circuit 26 to record bottom power ratio represents a ratio of the bottom power to 

the optical information (SA10). the recording power, wherein the recording power is an 

As a result, pits can be formed without substantially intensity of a laser beam required to form pits during 

increasing the recording power since the initial bottom 55 recording the optical information and the bottom power is an 

powers specified in the initial intensity data are set to have intensity of a laser beam applied in forming lands in lieu of 

greater values with increasing linear velocities. That is, pik during the recording of the optical information. In the 

while a pit is formed on the optical disc 1 with the laser beam initial intensity data set, the bottom power ratio is set to be 

of the recording power, excessive thermal energy is trans- within an experimentally determined most preferable range, 

ferred into neighboring regions of the pit to thereby preheat 60 e.g., from about 5% to about 15% of the recording power, 

a portion of the recording medium in which a next pit is to and is set to have a large value for a greater linear velocity, 

be formed. However, if the bottom power is set to be low as In the second embodiment, a first OPC is carried out 

in the prior art during high speed recording, the central based on the initial recording power and a preset bottom 

temperature of the laser beam spot on the track of the optical power at the initial stage of recording the optical informa- 

disc 1 due to the illumination of the laser beam of the 65 lion. Thereafter, an optimum recording power is determined 

recording power decreases as Ihe linear velocity between the from the result of the first OPC and then a second OPC is 

optical disc 1 and the optical pickup 21 increases, as carried out based on the determined recording power and a 
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bottom power, which is obtained by multiplying the bottom The third embodiment of the present invention will now 

power ration by the determined recording power, thereby be described. 

determining an optimum bottom power. Th e configuration of the optical information recording 

Referring to FIG. 8, there is described a detailed proce- apparatus in accordance with the third embodiment is iden- 

dure for determining the recording and the bottom powers 5 tical to that of the first embodiment shown in FIG. 4. The 

and thereby recording the optical information in accordance third embodiment is different from the second embodiment 

with the second embodiment of the invention. in that both the optimum recording power and the optimum 

If optical information to be recorded is determined and the bottom power are determined simultaneously after perform- 

recording is initiated by an operator, the CPU 25 reads a disc m S tDe OPC twice. 

code from ATIP data (SB1) and selects an initial intensity 10 In the third embodiment, an initial intensity data set 

data set corresponding to the disc code from the contents of corresponding to each of different disc codes is stored in the 

the memory 24 (SB2). memory 24 as in the first and the second embodiments. 

Thereafter, the CPU 25 sets the strategy generation circuit The initial intensity data set for each disc code include 

26 with strategy data defined in the selected initial intensity 15 strategy data, an initial value of the recording power, a 

data set for a linear velocity to be used in recording the matching coefficient (3 and a bottom power ratio for each 

optical information (SB3). Thus, the strategy data can be information recording velocity(e.g., linear velocity, as in the 

properly selected depending on the type of the optical disc second embodiment). The bottom power ratio represents a 

1 and the linear velocity to be used. As in the first ratio of the bottom power to the recording power, wherein 

embodiment, the recording velocity can be preset in the 2Q the recording power is an intensity of laser beam required to 

apparatus 2 or can be selected by the operator before the start f° rm P^ during recording the optical information and the 

of the recording as in the first embodiment. bottom power is an intensity of laser beam applied in 

The CPU 25 then determines an OPC area of the optical formin S lands instead of P its durin S recording the optical 

disci to be used in performing the first OPC(SB4); sets the information. In the initial intensity data set, the bottom 

LD driving circuit 27 with the preset bottom power and the 25 P ower ra i io * set t0 be wilhi ? an experimentally determined 

initial recording power specified in the initial intensity data ™ st Preferable range, e g., from about 5% to about 15% of 

for the linear velocity to be used in recording the optical the recording power, and is set to have a larger value for a 

information (SB5); and performs the first OPC (SB 6). In this S reater lmear velocity. 

embodiment, the preset bottom power used in the first OPC In tne ^ 6 embodiment, a first OPC is carried out based 

is preferably set to be, for example, about 0.7 mW, which is 30 on the initial recording power and a predetermined bottom 

identical to the playback laser power to be used in repro- P owe r at the initial stage of recording the optical informa- 

ducing the recorded optical information. tion. Thereafter, an approximate value of the recording 

Next, the CPU 25 determines an optimum recording P ower is determined based on the result of the first OPC. A 

power based on the result of the first OPC (SB7). sccond . 0PC 15 then carried based OD the d etermined 

0 . *i *u oni Tie iw * ?c approximate recording power and an approximate bottom 

Subsequently, the CPU 25 calculates an approximate 35 rr . ? r . rr 

, tt n , . , . i i . • / * . power, which is obtained by multiplying the approximate 

bottom power by multiplying the determined recording r ' * . . v* n 

u .l u .* ** j c j • .i. • **• i recording power by the bottom power ratio. Finally, an 

power by the bottom power ratio defined in the initial - j- J 4 - Lii 

f . . t j t * •* * l j j . optimum recording power and an optimum bottom power 

intensity data set for the linear velocity to be used and resets jr .. i.ri j^r»^ 

.l i T*\ j ■ • *\rm ... t i i i * j • * are determined from the result of the second OPC. 

the LD driving circuit 27 with the calculated approximate _ r . rt 

bottom power and the determined optimum recording power *o J Referring to FIG. 9 there is described a detailed proce- 

scjiQ\ dure for determining the recording and the bottom powers 

T ' . ™«ti*-i • iL and thereby recording the optical information in accordance 

In the next step, the CPU 25 determines another OPC area ... t . , flmK J- mA1 , t ^ f tUa :„ xr * nt : nn 

c . . . T' 4 , , . r . , with the third embodiment or the invention, 

of the optical disc 1 to be used in performing the second T „ . , . * . . jj.j 

OPC (SB9); and performs the second OPC (SB10). If °P tlca! wfonnatwn to be recorded is determined and the 

^ , . . , , \. i - 45 recording is initiated by an operator, the CPU 25 reads a disc 

Ihe second OPC is carried out with a plurality of, e.g., 5, code from ATIp daU (sa) and selects aQ ^ imeosi 

sets of laser powers, wherein each set of laser powers data M mmspoaiiog t0 , he disc code from tne contenls of 

includes the optimum recording power and an adjusted ^ memorv 24 (SC2} 

bottom power. The adjusted bottom powers of the sets are ™ Ct (U o mM . . «u * * 

, t . 1 1 j /, , „ r 4 . ... , Thereafter, the CPU 25 sets the strategy generation circuit 

determined based on the bottom power ratio with a prede- ~, . . t / , t , a , . 

, « . 4 . ftL , 4l 50 26 with strategy data defined in the selected initial intensity 

ter mined increment. For instance, if the bottom power ratio A „ „ c %• 1 * u j • j- *u 

. caf .... . • «a* .1 * j u ** data set for a lmear velocity to be used m recording the 

is 5% and the increment is 1%, the adjusted bottom powers 4 . , . c 4 , 4 , , A , 

, . c e * 1 o J nnr c optical information (SC3). Thus, the strategy data can be 

would have values of 5, 0, 7, 8 and 9% of the optimum r . . , , v ,/ ' 4 *c 1 j- 

• * l. i Ann • r j u c properly selected depending on the type of the optical disc 

recording power when the second OPC is performed by 5 \ r , ' . r . t * , zJi r . - 

ci 1 r ' 1 and the linear velocity to be used. The recording velocity 

sets of laser powers. , ♦ * *u *, <> u 1 « a u *u 

J~ 55 can be preset in the apparatus 2 or can be selected by the 

The CPU 25 determines an optimum bottom power based tor before the start of the recording B m the first and 

on the result of the second OPC (SB11). lhe embodiments< 

The CPU 25 sets the LD driving circuit 27 with the ^ CPU 25 determines an OPC area of the optical disc 

optimum recording and the optimum bottom powers deter- x t0 be used in performing the first OPC (SC4); sets the LD 

mined by the first and the second OPCs (SB12). 60 driving circuit 27 ^ the prede termined bottom power and 

Thereafter, CPU 25 performs the EFM on the optical the initial value of recording power specified in the initial 

information to be recorded to thereby generate a digital intensity data for the linear velocity to be used in recording 

signal (recording signal) (SB13) and provide same to the the optical information (SC5); and performs the first OPC 

strategy generation circuit 26, thereby recording the optical (SC6). In this embodiment, the predetermined bottom power 

information (SB14). 65 used j n lne first OPC is preferably set to be, for example, 

The second embodiment would provide similar effects to about 0.7 mW, which coincides with the playback laser 

those of the first embodiment. power. 
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Next, the CPU 25 determines the approximate value of Io the fourth embodiment, an initial intensity data set for 

recording power based on the result of the first OPC (SC7). each different disc code is stored in the memory 24 as in the 

Thereafter, the CPU 25 calculates an approximate value previous embodiments, 

of the bottom power by multiplying the approximate record- In the fourth embodiment, an initial intensity data set for 
ing power by the bottom power ratio defined in the initial 5 each disc code includes strategy data, an initial value of the 

intensity data for the laser velocity to be used and resets the recording power, a matching coefficient p and a bottom 

LD driving circuit 27 with the approximate bottom power power ratio as in the third embodiment and further includes 

and the approximate recording power (SC8). a bottom power modification ratio set for each information 

The CPU 25 then determines another OPC area of the recording speed (e.g., linear velocity), 
optical disc 1 to be used in performing the second OPC 10 The bottom power ratio in this embodiment represents a 

(SC9) and performs the second OPC (SC10). ratio of a 3T bottom power to a recording power, wherein the 

The second OPC is carried out in P, e.g., 3 steps. In each recording power is an intensity of the laser beam required to 

step, OPC is preferably performed by using a fixed bottom form the P its durin S recording the optical information and 

power while varying recording powers around the deter- the 3T bottom power is an intensity of the laser beam 

mined approximate recording power. Fixed bottom powers required to form a land of a 3T length, T being, e.g., a 

in the P steps are determined based on the determined minimum laser pulse duration. 

approximate bottom power with a predetermined increment In the initial intensity data set, the bottom power ratio is 
and preferably are set to be limited within the range from ^ t0 be witmn an experimentally determined most prefer- 
about 5% to about 15% of the approximate recording power. able range, e.g., from about 5% to about 15% of the 
For instance, if the bottom power ratio is 6%, the fixed recording power, and is set to have a larger value for a 
bottom power being used in the 3 steps can be set as 6, 9 and greater linear velocity. 

12% of the approximate recording power. The bottom power modification ratio set includes a mul- 

The CPU 25 determines both the optimum recording tiplicity of modification ratios, each modification ratio sped - 
power and the optimum bottom power based on the result of 25 fies a ratio of a specific bottom power to an optimum 3T 

the second OPC (SC11) bottom power to be determined by an OPC, wherein the 

Subsequently, the CPU 25 sets the LD driving circuit 27 ? P* ciflc * ottom P° w " 15 a I™™ be used ta formin 8 a 

with the optimum recording and the optimum bottom pow- * and wth a ***** l ^ lh : ««ffi«tion ration is set to 

ers determined by the second OPC (SC12). have 3 Value for a lon S er land . 

^ ^„ TT „ , „ , w „ , . , In the fourth embodiment, a first OPC is earned out based 

Hie CPU 25 then performs the EFM on the optica 30 ^ ^ ^ ^ ^ ^ determined boUom 

information to be recorded to thereby generate a digital at ^ of rccordin the tica] informa _ 

signal (recording signal) (SC13) and provide same to the {[on ncnd ^ an approximate value of the recording 

strategy generation circuit 26, thereby recording the optical pQwer {& detennined based on the result of the first 0PC A 

information (SC14). second opc ^ theQ cafried Qut based qq ^ determined 

The third embodiment would also provide similar effects approximate recording power and an approximate bottom 

as in the first embodiment. power, which is obtained by multiplying the approximate 

The fourth embodiment of the present invention will be recording power by the bottom power ratio. Finally, an 

described. optimum recording power and an optimum 3T bottom power 

The configuration of the optical information recording 40 are determined from the result of the second OPC. The 

apparatus in accordance with the fourth embodiment is optical information is recorded by using the optimum 

identical to that of the first embodiment shown in FIG. 4. recording power and specific bottom powers, each specific 

The fourth embodiment is different from the third embodi- bottom power being determined by multiplying the optimum 

ment in that a greater bottom power is employed in forming 3T bottom power by a modification ratio corresponding to a 
a longer land. 45 length of a land to be formed. 

In the previous embodiments, the bottom power is set to Referring to FIG. 11, there is described a detailed proce- 

increase as a linear velocity becomes greater as described dure for determining the recording and the bottom powers 

above in order to provide sufficient preheating of a region in ant * thereby recording the optical information in accordance 

which a next pit is to be formed even at an increased linear wit h the fourth embodiment of the invention, 
velocity. Since, however, it takes longer time to begin to 50 If optical information to be recorded is determined and the 

form a next pit when a land between two pits is longer, a recording is initiated by an operator, the CPU 25 reads a disc 

greater amount of thermal energy applied in the optical disc code from ATIP data (SD1) and selects an initial intensity 

1 is dissipated through the air so that the thermal energy data set corresponding to the disc code from the contents of 

retained in the optical disc 1 reduces. In order to minimize the memory 24 (SD2). 

variations of the thermal energy retained in the optical disc 55 Thereafter, the CPU 25 sets the strategy generation circuit 

1 due to a varying length of a land, the bottom power of the 26 with strategy data defined in the selected initial intensity 

fourth embodiment is set to increase in proportion to the data set for a linear velocity to be used in recording the 

length of a land as depicted in FIG. 10. For instance as optical information (SD3). Thus, the strategy data can be 

depicted in FIG. 10, the bottom power BPW12 to form a properly selected according to the type of the optical disc 1 

12T-long land 205 preceding a 3T-long pit 206 is set to be and the linear velocity to be used. 

higher than the bottom power BPW3 to form a 3T-long land The CPU 25 then determines an OPC area of the optical 

207 preceding a 3T-long pit 208. disc 1 to be used in performing the first OPC (SD4); sets the 

Therefore, dissipation of excess thermal energy provided LD driving circuit 27 with the predetermined bottom power 

during forming a preceding pit, e.g., 204, which increases as and the initial value of the recording power specified in the 
a subsequent land becomes longer, can be compensated by 65 selected initial intensity data set for the linear velocity to be 

the increased bottom power so that the optical disc 1 can be used in recording the optical information (SD5); and per- 

sufficiently preheated, resulting in quality pits being formed. forms the first OPC (SD6). In this embodiment, the prede- 
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termined bottom power used in tbe first OPC is preferably 
set to be, for example, about 0.7 mW, which is identical to 
the playback laser power. 

Next, the CPU 25 determines the approximate value of 
recording power based on the result of the first OPC (SD7). s 

Thereafter, the CPU 25 calculates an approximate value 
of bottom power by multiplying the approximate recording 
power by the bottom power ratio defined in the initial 
intensity data for the linear velocity to be used and resets the 
LD driving circuit 27 with the approximate bottom power 
and the approximate recording power (SD8). 

The CPU 25 then determines another OPC area of the 
optical disc 1 to be used in performing the second OPC 
(SD9); and performs the second OPC in a similar manner as 
in the third embodiment (SD10). 

Subsequently, the CPU 25 determines both the optimum 
recording power and the optimum 3T bottom power BPW3 
based on the result of the second OPC (SD11). 

Then, the CPU 25 multiplies the 3T bottom power BPW3 20 
by the modification ratios to generate specific bottom pow- 
ers for forming lands of different specific length (SD12). 

In the next step, the CPU 25 sets the LD driving circuit 27 
with the optimum recording power and the specific bottom 
powers (SD13) The CPU 25 then performs the EFM on the 25 
optical information to be recorded to thereby generate a 
digital signal (recording signal) (SD14) and provide same to 
the strategy generation circuit 26, thereby recording the 
optical information (SD15). 

The fourth embodiment would also have similar effects as 30 
in the previous embodiments and provides an optimum 
bottom power according to a varying length of a land. 

While the present invention has been described with 
respect to the particular embodiments, it will be apparent to 35 
those skilled in the art that various changes and modifica- 
tions may be made without departing from the spirit and 
scope of the invention as defined in the following claims. 

What is claimed is: 

1. A method for recording optical information on an 4Q 
optical information recording medium, wherein optically 
detectable pits and lands having various lengths are defined 
by thermal energy provided by a pulsed laser beam irradi- 
ated on the optical information recording medium by a light 
source which has a first intensity level for defining a pit and 45 
a second intensity level for defining a land, the second 
intensity level being lower than the first intensity level, 
characterized in that 

the second intensity level is set corresponding to linear 

velocity of the medium, 50 
wherein the method comprises the steps of: 

storing initial intensity data which includes linear 
velocities and initial values of the first and the 
second intensity levels for each linear velocity; 
at the beginning of recording the optical information, 55 
selecting the initial values of the first and the second 
intensity levels corresponding to a linear velocity to 
be used in recording the optical information from the 
initial intensity data; 
recording test information on the optical information 60 
recording medium based on the selected initial val- 
ues of the first and the second intensity levels and 
reproducing the recorded test information to thereby 
determine optimum values of the first and the second 
intensity levels; and 65 
setting the light source with the optimum values of the 
first and the second intensity levels. 



2. The method of claim 1, wherein the second intensity 
level is set corresponding to length of the land. 

3. The method of claim 1, wherein initial intensity data 
sets are specified for various types of optical information 
recording mediums, each data set corresponding to one of 
the various types, and a data set corresponding to a type of 
the optical information recording medium to be used in 
recording the optical information is selected to be used. 

4. The method of claim 1, wherein initial intensity data 
sets are specified for various types of optical information 
recording mediums, each data set corresponding to one of 
various types and including modification data corresponding 
to a linear velocity, and the light source and the modification 
data specifying a form of a modified digital signal; and 

wherein a data set corresponding to a type of the optical 
information recording medium to be used in recording 
the optical information is selected to be used and the 
optical information is recorded by using the modified 
digital signal, the modified digital signal being pro- 
duced by modifying the digital signal based on modi- 
fication data specified in the selected data set. 

5. A method for recording optical information on an 
optical information recording medium, wherein optically 
detectable pits and lands having various lengths are defined 
by thermal energy provided by a pulsed laser beam irradi- 
ated on the optical information recording medium by a light 
source which has a first intensity level for defining a pit and 
a second intensity level for defining a land, the second 
intensity level being lower than the first intensity level, 
characterized in that 

the second intensity level is set corresponding to linear 

velocity of the medium, 
wherein the method comprises the steps of: 

storing initial intensity data which includes linear 
velocities and an initial value of the first intensity 
level for each linear velocity; 

at the beginning of recording the optical information, 
selecting an initial value of the first intensity level 
corresponding to a linear velocity to be used in 
recording the optical information from the initial 
intensity data; 

recording first test information on the optical informa- 
tion recording medium based on the selected initial 
value of the first intensity level and a preset value of 
the second intensity level to be used in reproducing 
the recorded optical information, and reproducing 
the recorded first test information to thereby deter- 
mine an approximate value of the first intensity level; 

recording second test information on the optical infor- 
mation recording medium by using the approximate 
value of the first intensity level and an approximate 
value of the second intensity level, and reproducing 
the recorded second test information to thereby 
determine optimum values of the first and the second 
intensity levels, wherein the approximate value of 
the second intensity level is within a range from 
about 5% to about 15% of the approximate value of 
the first intensity level; and 

setting the light source with the optimum values of the 
first and the second intensity levels. 

6. The method of claim 5, wherein the approximate value 
of the first intensity level is equal to the optimum value of 
the first intensity level. 

7. The method of claim 5, wherein the second intensity 
level is set corresponding to length of the land. 

8. An apparatus for recording optical information on an 
optical information recording medium, wherein optically 
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detectable pits and lands having various lengths are defined 
by thermal energy provided by a pulsed laser beam which 
has a first intensity level for defining a pit and a second 
intensity level for defining a land, the second intensity level 
being lower than the first intensity level, the apparatus 5 
comprising: 

a light source for generating the laser beam; and 
intensity setting means for setting the second intensity 
level corresponding to linear velocity of the medium, 
wherein the intensity setting means includes: 

a memory storing initial intensity data which includes 
linear velocities and initial values of the first and the 
second intensity levels for each linear velocity; 
initial intensity selecting means for selecting, at the 15 
beginning of recording the optical information, ini- 
tial values of the first and the second intensity levels 
corresponding to a linear velocity to be used in 
recording the optical information from the initial 
intensity data; 2Q 
optimum intensity determining means for recording 
test information on the optical information recording 
medium based on the selected initial values of the 
first and the second intensity levels and reproducing 
the recorded test information to thereby determine 25 
optimum values of the first and the second intensity 
levels; and 

setting means for setting the light source with the 
optimum values of the first and the second intensity 
levels. 

9. The apparatus of claim 8, wherein the second intensity 
setting means includes means for setting the second intensity 
level corresponding to length of the land. 

10. The apparatus of claim 8, wherein the memory stores 

a plurality of initial intensity data sets specified for various 35 
types of optical information recording mediums, each data 
set corresponding to one of the various types, and 

the apparatus further comprising initial intensity data 
selecting means for selecting from the data sets a data 
set corresponding to a type of the optical information 40 
recording medium to be used in recording the optical 
information, wherein the initial intensity selecting 
means selects the initial values of the first and the 
second intensity levels based on the selected data set. 

11. The apparatus of claim 8, 45 
wherein the memory stores a plurality of initial intensity 

data sets specified for various types of optical infor- 
mation recording mediums, each data set correspond- 
ing to one of various types and including modification 
data corresponding to a linear velocity, the modification so 
data specifying a form of modified digital signal, and 
the apparatus further comprising: 

initial intensity data selecting means for selecting from 
the stored data sets a data set corresponding to a type 
of the optical information recording medium to be 55 
used in recording the optical information to be used; 
and 



30 



means for modifying the digital signal based on the 
modification data specified in the selected data set to 
generate a modified digital signal, 
wherein the initial intensity data selecting means selects 
the initial values of the first and the second intensity 
levels based on the selected data set; and 
wherein the light source generates the laser beam in 
response to the modified digital signal. 

12. An apparatus for recording optical information on an 
optical information recording medium, wherein optically 
detectable pits and lands having various lengths are defined 
by thermal energy provided by a pulsed laser beam which 
has a first intensity level for defining a pit and a second 
intensity level for defining a land, the second intensity level 
being lower than the first intensity level, the apparatus 
comprising: 

a light source for generating the laser beam; and 
intensity setting means for setting the second intensity 

level corresponding to linear velocity of the medium, 
wherein the intensity setting means includes: 

a memory for storing initial intensity data which 
includes linear velocities and an initial value of the 
first intensity level for each linear velocity; 

initial intensity selecting means for selecting, at the 
beginning of recording the optical information, an 
initial value of the first intensity level corresponding 
to a linear velocity to be used in recording the optical 
information from the initial intensity data; 

approximate intensity determining means for recording 
first test information on the optical information 
recording medium based on the selected initial value 
of the first initial intensity level and a preset value of 
the second intensity level to be used in reproducing 
the recorded optical information, and reproducing 
the recorded first test information to thereby deter- 
mine an approximate value of the first intensity level; 

intensity determining means for recording second test 
information on the optical information recording 
medium by using the approximate value of the first 
intensity level and an approximate value of the 
second intensity level, and reproducing the recorded 
second test information to thereby determine opti- 
mum values of the first and the second intensity 
levels, wherein the approximate value of the second 
intensity level is within a range from about 5% to 
about 15% of the approximate value of the first 
intensity level; and 

setting the light source with the optimum values of the 
first and the second intensity levels. 

13. The apparatus of claim 12, wherein the approximate 
value of the first intensity level is equal to the optimum value 
of the first intensity level. 

14. The apparatus of claim 12, wherein the second inten- 
sity level is set corresponding to length of the land. 
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